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© A system for counting overlapped newspapers 
carried on a moving conveyor which employs an 
optical sensor which is passive in nature. Accurate 
count is obtained by image analysis of the image 
presented by the edge of the newspaper flow as the 
image is focused on a linear CCD array. Definitive 
values are determined which are quantitative of the 
top profile, height, of the newspapers. The process- 
ing technique employed determines the rate of 



change of the height of the image and utilizes the 
rate of change data to output a newspaper count 
increment when the rate of change, derivative, of top 
profile height changes from a positive value to a 
negative value and the measured profile height ex- 
ceeds a calibrated value thickness, and outputs two 
newspaper count increments when the measured 
profile height exceeds a second calibrated value 
thickness. 
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De ription 

T chnical Field 

This invention relates in general to counting s 
methods and counting systems, and more particular- 
ly to an object counting system which utilizes image 
analysis techniques much in the manner that the hu- 
man vision system would analyze and count objects. 

10 

Background of the Invention 

Various systems of counting have been devel- 
oped in the prior art for the purpose of, for example, 
counting the number of newspapers conveyed from a 15 
newspaper press. These systems fall generally into 
mechanical, ultrasonic, laser, and infrared categor- 
ies. 

For years, mechanical counters have been used 
to count newspapers in overlapped stream convey- 20 
ors and to control the cycling of newspaper stackers. 
In a few isolated cases, the counts obtained have 
been fed to totalizing devices of several varieties. The 
principal advantage of mechanical counters is their 
relatively low cost. Disadvantages of such counters 25 
include inaccurate counting (especially of small size 
products and of very large awkward products, such 
as an inserted package), high maintenance and rapid 
wear-out. Mechanical counters are poorly suited to 
use with gripper type conveyors now prevalent in 30 
newer installations. Also, mechanical counters will 
not sense doubles. 

Ultrasonic counters pick up perturbations in pres- 
sure as papers pass under an electro-mechanical 
transducer. These devices contain many mechanical 35 
components that are subject to fouling by paper dust 
that pervades the operating environment. Ultrasonic 
counters are somewhat sensitive to variations in pa- 
per-to-transducer distance. Unfortunately, such vari- 
ations are common in newspaper streams. Like their 40 
mechanical counterparts, ultrasonic devices will not 
sense doubles. 

Despite the favorable reputation of many laser 
devices, their use for newspaper counting gets mixed 
reviews from users - probably because of their limit- 45 
ed shelf life and operating life. The user is not com- 
fortable with the knowledge that a new spare may not 
work when he needs it. Although the He-Ne lasers 
commonly used in newspaper counting applications 
are relatively cheap compared to more powerful laser 50 
devices, they do, nonetheless, represent a continuing 
replacement cost of consequence to the publisher. 
Laser counters rely on changes in reflected light 
beams to record counts (c.f. US-A-Re.27 869, US-A- 
3,840,857 ; US-A-4,227,071 ; US-A-4, 384,1 95 and 55 
US-A-4,707,598). 

Infrared counters, like laser devices, utilize re- 
flected nergy for counting. They are expensive and 



d not sens thin products as w II as thick nes. 

In the newspaper publishing business, th need 
for an accurate count of newspapers being output in 
a particular press run is essential to the attainment of 
necessary g od business practices. With th ev r- 
increasing and skyrocketing cost of newsprint, it is no 
longer an acceptable business practice in the publish- 
ing field to print more newspapers during a particular 
press run than the calculated demand. Conversely, it 
is obviously impractical and poor business practice, 
and, in fact an unacceptable business practice for a 
pressroom to print considerably more papers than 
can be sold. In short, it has become imperative that 
an extremely accurate print count be obtained on the 
actual output 5 count of a press run, neither too many 
nor too few. 

All of the prior art sensing means cited above rely 
upon some sort of perturbation. In the case of mech- 
anical counters, the change is to the unperturbed 
state of the contact star wheel or other mechanism. In 
10 the case of all of the other devices, sensing is ac- 
complished by detecting a change in the emitted en- 
ergy — such change being the consequence of pas- 
sage of a newspaper. 

EP-A-0 129 940 discloses a counting apparatus 
for counting objects by means of a shadow measure- 
ment The apparatus is constructed so that it can de- 
termine on the basis of measurements of the height 
and the width of a shadow area whether the shadow 
area corresponds to one or two objects which pass on 
a conveyor belt through a light beam. 

Summary of the Invention 

This invention relates to system as claimed in 
claims 1 and 3 and to a method as claimed in claim 
5. 

Brief Description of Drawinas 

For a more complete understanding of the pres- 
ent invention and for further advantages thereof, ref- 
erence will now be made to the following Description 
of the Preferred Embodiments taken in connection 
with the accompanying Drawings in which: 

Figure 1 is a side view of a functional represen- 
tation of the optical subsystem as employed in 
the present invention; 

Figure 2 is a top view illustrating the function of 
the optical shield contained within the optical 
subsystem as shown in Figure 1; 
Figure 3 is a functional block diagram of the sig- 
nal processing section of the electronics subsys- 
tem as employed in the present invention; 
Figure 4 is functional block diagram of th micro- 
processor subsyst m of the present invent! n; 
Figure 5 is a diagrammatic representation of th 
software generated imag of a newspaper as it 
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passes the s nsor syst m which aids in th ex- 
planation of the op rating principl s mployedby 
the software in the invention; and 
Figures 6a-6o are computer flow diagrams illus- 
trating the operation of the present system. s 

Description of the Preferred Embodiments 

The invention to be described provides a method 
of obtaining an accurate count by image analysis of 10 
overlapped newspapers carried on a conveyor. The 
system is not subject to conveyor speed and/or mini- 
mum overlap requirements which exist in mechanical 
counting systems and all other systems which sense 
the top of the papers rather than the side edge of the 15 
paper run as provided hereby. The system to be de- 
scribed provides a method of obtaining a count of 
overlapped newspapers carried on moving conveyor 
by a sensor system which performs image analysis 
on the image looking at the side edge of the newspa- 20 
per stream. Utilizing the side edge image of the news- 
paper stream provides the sensor system with the 
maximum amount of information so that, for example, 
newspapers which are directly overlapped or set 
back underneath another newspaper can be counted 25 
and so that, for example, an insert slipped back inside 
its cover will not be counted twice. 

The sensor subsystem to be described includes 
a lens system, a self-contained illumination source, 
and a viewing window. The illumination source angle do 
of the light path with respect to the line of vision when 
passing through the viewing window slot forms an an- 
gle such that the regions beyond the focal depth of 
field are shadowed thereby eliminating a potential 
source of noise. 35 

The electrical subsystem performs a method of 
obtaining a count of newspapers carried on a moving 
conveyor by image analysis of light reflected from the 
edges of the newspapers as the reflected light im- 
pinges on a linear CCD array which is oriented trans- 40 
versely with respect to the newspaper edge image. 

The electrical subsystem of the sensor system 
performs repetitive sequential steps of serially shift- 
ing analog outputs from the CCD array to a differen- v 
tial amplifier to remove the D.C. output offset there- 45 
from, amplifies the resulting signals and converts the 
analog output signal from the differential amplifier to 
a serial digital output signal as defined by a selected 
light level. 

This serial digital output is applied to a serial 50 
in/parallel output shift register from which parallel out- 
put is stored in a RAM. The data stored in the RAM is 
transferred to a microprocessor. 

In general the computation subsystem through 
software control reads th image analysis data in the 55 
RAM to creat a representati n in software of the 
newspap r dg image as it trav Is by th sensor 
system. The software determines a def initiv numer- 



ical representation of the top prof il of the newspap r 
runimag as it passes the ptical system and thereby 
obtains definitive newspaper height data and change 
in newspaper height data which is specified as a de- 
finitive time derivative of the newspap r height data. 

The software utilizes definitive height data and 
time derivative data to determine calibrated image 
height and derivative values which are utilized to per- 
form software newspaper count determination. 

The software utilizes the instant definitive posi- 
tive derivative greater than the calibrated derivative 
as a determination of the leading edge of a newspa- 
per presence, such that the system is self-calibrating. 
History information pertinent to the previous newspa- 
per profile is saved by microprocessor as a reference 
for determination of the height of the next overlapping 
newspaper as it passes by the optical system, and 
then utilizes the definitive change in the instant or 
present derivative on the present newspaper profile 
from positive to negative as an indicator to obtain the 
present definitive height value with the calibrated 
height value for determination that the object is a 
newspaper and initiates a single count output incre- 
ment when the above criteria has been satisfied. The 
microprocessor initiates a double count increment 
when the present definitive height value is compared 
with a definitive value representing that two newspa- 
pers are completely overlapped as they pass by the 
optical system, and thus utilizes a digitally stored 
newspaper profile height and rate of change of news- 
paper profile height to accurately provide an output 
newspaper count. 

The optical subsystem is depicted in Figures 1 
and 2. Referring to Figure 1, a flow of overlapped 
newspapers carried on a conveyor is depicted func- 
tionally as the object 2 which is flowing into the plane 
of Figure 1 . in the side view as shown in Figure 1 , the 
object 2 is focused as viewed through a vertical slot 
4 by means of a lens system 6 onto a detector array 
8 such as, for example, a linear CCD array. As con- 
cerns the present invention, the object 2 depicted in 
Figure 1 represents the side edge of overlapped 
newspapers as they would be conveyed into (or flow 
into) the plane of Figure 1. CCD array 8 may com- 
prise, for example, a CCD array model TC103, man- 
ufactured and sold by Texas Instruments, Inc., Dal- 
las, Texas. 

Figure 2 illustrates a top view of the system de- 
picted in Figure 1 wherein the flow of overlapped 
newspapers on a conveyor lies in the plane of Figure 
2. Light source 10 is depicted in angular relationship 
with respect to the vertically extending slot 4 in shield 
14, such that a shadow is imparted by the shield 14. 
The line of sight 12 to the slot 4 in shield 14, as it is 
applied t the lens syst m 6 of Figure 1, is such that 
light from source 10 is n t visible past a pred ter- 
mined d pth of field and the shadow imparted by the 
slot 4 in shield 14 acts to reduce any detrimental 
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n is influence from the vertical pticalimag "slice" 
being focused on the lens system 6 in Figure 1 Since 
the side edge of the paper flow, as newspapers are 
c nveyed past the vertically extending slot 4 are with- 
in the depth of field of the lens system 6, the vertical 
slice image focused on the CCD array 8 is not influ- 
enced by light other than that reflected off the edges 
of the newspaper flow as it appears in the slot 4. In 
this manner, the illumination source 10 is seen to be 
so angled with respect to the line of sight 12 presented 
to the lens system 6, and subsequently the CCD array 
8, forms an angle such that regions beyond the focal 
depth of field are shadowed, thereby eliminating any 
potential source of noise. 

With reference to Figure 3 analog outputs from 
the linear CCD array 8 (Figure 1) are input to an image 
signal processing circuitry 15. Multiple driver lines 16 
apply a signal to the detector array 8 to serially shift 
the analog outputs from the array photodetectors on 
line 18 and a reference dark level output 20 from CCD 
array 8 to a differential amplifier 22 to remove the 
D.C. offset therefrom and amplify the signal and filter 
high frequency noise therefrom. Output from the dif- 
ferential amplifier 22 is applied on line 24 along with 
a threshold adjustment signal on line 26 as respective 
inputs to a comparator 28 whereby the output signal 
from the differential amplifier 22 is converted to a ser- 
ial digital output signal as defined by a selected light 
level on comparator output line 30. 

The serial digital output signal on line 30 is input 
to a serial in/parallel out shift register 32. Parallel out- 
put on line 34 from shift register 32 is input to a RAM 
36 under control of an addressing line 38 from buffer 
62 which receives addressing information on line 64 
from timing and logic circuitry 54. The parallel data 
output from RAM 36 is applied through a buffer 46 on 
line 48 to microprocessor subsystem 49 (Figure 4). 

The image signal processing circuitry of Figure 3 
further comprises a clock source 50 which provides 
an output on a line 52 to timing and logic circuitry 50. 
Timing and logic circuitry 54 provides an output on 
line 56 to CCD array drivers 58, the output via lines 
16 of which is applied to read the analog information 
in serial fashion from the linear detector array 8. Tim- 
ing and logic circuitry 54 additionally applies timing 
control on line 60 as a control input to buffers 62, 40, 
and 46 and RAM 36. Timing and logic circuitry 54 pro- 
vides further control on lines 64 to buffer 62 and on 
line 66 to the serial- in/parallel-out shift register 32. 
When a request to read signal is generated by micro- 
processor 44 (Figure 4) applied to timing and logic cir- 
cuitry 54 via signal line 55, timing and logic circuitry 
54 holds off generating the OK to read signal gener- 
ated on signal line 57, until the data has completed 
shifting out of CCD array 8 and into the RAM 36. Then 
timing and logic circuitry 54 drives lin 60 in rderto 
enabl buffers 40 and 46 and disabl buffer 62. Tim- 
ing and logic circuitry 54 also generates a signal via 



signal lin 66inord rtot rminat th shifting of data 
from shift register 32 into RAM 36. Th address infor- 
mation via line 42 from microprocessor subsystem 49 
(Figure 4) is applied via buffer 40 and signal line 38 
s to RAM 36 so that data previ usly st red within RAM 
36 can be applied via line 34 to buffer 46 for output 
via line 48 to microprocessor 44 (Figure 4). 

Thus paralleled output from shift register 32, rep- 
resenting successive parallel-slice images of the 
10 edges of the newspapers on the conveyor as devel- 
oped in the CCD array 8 upon which the image is fo- 
cused, are applied to microprocessor subsystem 49 
(Figure 4) for development of a count of newspapers 
as they pass by the optical system by using the vert- 
15 ical slice like images of the paper flow edges. 

In accordance with the present invention, the mi- 
croprocessor subsystem 49 (Figure4) receives digital 
data from the image signal processing circuitry of 
Figure 3 via signal lines 48 and from this data the sof t- 
20 ware determines where the top of the image present- 
ed to the CCD array 8 of Figure 1 lies. The term top 
will be defined as the newspaper height. The soft- 
ware determines from the digital data concerning the 
height of the newspaper run profile from top to bottom 
25 where the top of the profile appears in the CCD array 
8 of Figure 1. This determination is performed for suc- 
cessive image "slices" as they impinge on the CCD 
array 8 as the newspapers are conveyed past the de- 
tector system of Figure 1. 
30 Referring now to Figure 4, microprocessor sub- 
system 49 is illustrated and includes microprocessor 
44. Microprocessor 44 may comprise, for example, a 
model TMS7000 manufactured and sold by Texas In- 
struments Incorporated and which is described in a 
35 publication entitled "8-Bit Microcomputer Family", 
Publication No. SND001B, published by Texas Instru- 
ments Incorporated, 1986. Associated with micropro- 
cessor 44 is an 8-bit data bus 48 and a 20-bit address 
bus 42. Higher order addressing decoding is per- 
40 formed by higher address decode circuitry 90 which 
selects on address line 42 whether microprocessor 
44 will be communicating with an erasable program- 
mable read-only memory (EPROM) 92, or a random 
access memory (RAM) 94, or whether microproces- 
45 sor 44 will be loading data into a digital-to-analog con- 
verter 96. EPROM 92 provides storage for the soft- 
ware utilized with the present invention. RAM 94 is an 
operational RAM which is used in conjunction with the 
built-in RAM of microprocessor 44. Digital-to-analog 
so converter 96 provides an analog test output for micro- 
processor subsystem 49 and operates under the con- 
trol of EPROM 92 which controls the data to be shift- 
ed into digital-to-analog converter 96 depending on 
the particular test to be perf rmed. On particular 
55 test, which will subsequently be d scrib d with re- 
spect t Figur 6, is th output of the top profile f a 
newspaper. A signal which is pr portional t the top 
dge of the paper is gen rated for test purp ses. 
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Micro process r 44 g nerates an utput signal to 
a one shot device 100. This output signal represents 
the d tection of a newspaper. The output of one shot 
device 100 is applied to a line driver 102, and optical 
isolators 104 and 106. The output of line driver 102 
provides an output to a control console which may be 
located at a remote site. Optical isolator 1 04 provides 
an output to a control console requiring isolation from 
microprocessor subsystem 49. Optical isolator 106 
provides an output to a light emitting diode display 
which is actuated each time a newspaper is detected. 
In this manner, the operator of the present system can 
easily determine that the system is operational and 
detecting newspapers. Microprocessor 44 also gen- 
erates a signal via a line driver 108 indicating a fault 
condition which is output to the control console. 

An input to microprocessor 44 is also provided via 
a comparator 110 from a lamp "on" detector which 
may comprise, for example, a photodetector which is 
mounted to receive light from light source 10 (Figure 
1) and is actuated in the presence of light. The output 
of the lamp "on" detector is appl ied to comparator 1 1 0 
which includes a threshold adjustment. In the ab- 
sence of a signal from the lamp "on" detector, a signal 
is generated to microprocessor 44 indicating insuffi- 
cient light for system operation for use by the soft- 
ware to generate a fault condition. Microprocessor 44 
also receives inputs via signal lines 112 comprising a 
test output select input in order to select a particular 
test output from digital-to-analog converter 96. Micro- 
processor 44 also receives inputs from a power on re- 
set 114 and a crystal oscillator 116 for controlling 
power and timing functions, respectively within mi- 
croprocessor 44. 

The software to be subsequently described with 
respect to Figure 6, is programmed to obtain the dif- 
ference between successive determinations of the 
newspaper run top image (newspaper height). These 
determinations are made at a clock defined rate and 
thus correspond to the rate of change (derivative) of 
the top profile of the paper run as carried by the con- 
veyor past the CCD array. When this derivation of 
newspaper height changes from a positive (increas- 
ing) value to a negative (decreasing) value, the soft- 
ware calculates the maximum height of the newspa- 
per run profile based on a previously determined val- 
ue of the top profile and at this instant initiates a news- 
paper count. This procedure is graphically illustrated 
in Figure 5 wherein the linear CCD array 8 is graphi- 
cally illustrated in terms of its orientation with an over- 
lapped newspaper run carried on a moving surface of 
conveyor surface as it might be oriented with respect 
to a reference plane 70 determined by the bottom of 
the linear detector array 8. Linear CCD array 8 might 
comprise, for example, 2048 CCD cells arrang d 
transverse f the conv yor surface and thus trans- 
vers ly of th edges f the overlapped newspapers 
carried on the c nveyor surfac 68. 



A first n wspaper 72 in the overlapped run, as it 
is conveyed past the linear CCD array 8 causes a 
large positive d rivatlve r ferenced from the bottom 
of the array since n detect rs are illuminated when 
s there is n newspaper present, to the det ctors which 
are illuminated when the first newspaper "appears". 
Then an output count pulse is initiated. 

Further; referring to Figure 5, the derivative of the 
newspaper run top profile is obtained from the differ- 
to ence between comparison of successive newspaper 
height determinations and, as graphically illustrated 
in Figure 5, is positive from point A to point B. At point 
B, the rate of change of the top profile (newspaper 
height) is zero and the derivative of the top profile 
15 (height) changes from positive to negative. This neg- 
ative derivative of the newspaper height continues 
until the point in Figure 5 at which time the leading 
edge of the second newspaper in the run passes the 
linear detector array 8 and the derivative of the news- 
20 paper height goes from negative to positive. There- 
after when the rate change (derivative) of newspaper 
height goes from positive to negative as at point B 1f 
a second count is output and the height of the news- 
paper run is determined by the difference between 
25 the top of the profile height measurement at point 
and at the top of the previous newspaper immediately 
prior the derivative changing from negative to positive 
at point A,. A calibrated height and derivative value is 
calculated after the first 16 newspapers pass the sen- 
30 sor 8 and these values are updated on every news- 
paper thereafter. Initially minimum values are as- 
sumed so that no newspapers are missed. When the 
measured profile height is greater than 3/8 of the ref- 
erence or calibrated height an output count signal is 
35 initiated. If the measured paper run profile height is 
greater than twice the reference or calibrated height 
value, two output count signals are initiated. This lat- 
ter situation is depicted graphically in Figure 5 at point 
A 2 as two completely overlapped newspapers 76 and 
40 78 pass by the linear detector array 8, the calibrated 
top profile height being the difference between top 
profile height determinations at points A 2 and B 2 . 

Since the system described operates on determi- 
nations of the height and the rate of change of the 
45 height and the rate of change of height of the top pro- 
file of the newspaper run as it is imaged on linear de- 
tector array 8 and subsequently processed, environ- 
mental conditions, cocked newspapers, rippled 
edges, etc. the signal which the microprocessor 44 re- 
50 ceives may have noise or fluctuation. These pertur- 
bations are interpreted by the software as noise and 
are eliminated. The shielding arrangement, dis- 
cussed with reference to Figure 2 and the optical ar- 
rangement discussed with reference to Figure 1 p- 
55 erate in concert to assure immunity against ambient 
light p rturbations. The depth ffi Id fthel ns sys- 
tem 6 renders the system immun to light perturba- 
tions from sourc s beyond that d pth of field while 
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th shadow provid d by the light shi Iding arrange- 
ment, through which reflected light is project d 
through th lens system 6 of Figure 1 , f urth r provide 
immunity from ambient light perturbations. 

Referring now to Figure 6, comprising Figures 6a- 5 
6o of computer flow diagrams, the software for use 
with the present system will now be described. Brief- 
ly, Figures 6a, 6b and 6c represent the main program 
with branches to the various subroutines of the pres- 
ent system. Figure 6d is a subroutine that initializes 1 o 
all registers within micro processor 44 and random ac- 
cess memory 94. Figure 6e represents the subroutine 
for reading random access memory 36 (Figure 3) in 
order to extract the top profile of a newspaper and as- 
sign a relative value for the top edge of the newspa- 15 
per. Figure 6f is a subroutine for outputting the analog 
test signal from digital-to-analog converter 96 which 
is selectable via the inputs from signal lines 112 (Fig- 
ure 4) to microprocessor 44. Figure 6g represents the 
program for calculating the positive derivative value 20 
when there is an increase and a negative derivative 
value when there is a decrease in the profile of a 
newspaper. Figure 6h represents the software of the 
history subroutine for maintaining a history file of the 
previous four values for the top of a newspaper and 25 
the derivative values. Figures 6i and 6j represent the 
software for the new detect subroutine and contain 
the criteria for detecting one or two newspapers and 
for eliminating erroneous noise perturbations. Figure 
6k represents the software for the calibration subrou- 30 
tine and determines the calibration value for height 
and derivatives. Figure 61 is a flow diagram represent- 
ing the delay subroutine for spacing the output pulses 
from microprocessor 44 (Figure 4). Figure 6m illus- 
trates a subroutine for outputting the pulse to trigger 35 
one shot device 100 (Figure 4). Figure 6n illustrates 
the software for a subroutine for detecting a lamp fail- 
ure by light source 10 (Figure 1) and when a newspa- 
per has gone above the top of detector array 8 in order 
to output a fault indication output from line driver 1 08 40 
(Figure 4). Figure 60 illustrates a subroutine for gen- 
erating a timing interrupt used to space the output 
pulses and to determine when it is time to recalibrate 
the system because no newspaper has gone past de- 
tector array 8 for a predetermined time period. 45 

Referring now to Figure 6a, the stack pointer is 
loaded at block 120 in order to partition a predeter- 
mined amount of random access memory in micro- 
processor 44. At block 122, the initialize subroutine 
loads all the initial values to zero in the initial registers 50 
of microprocessor 44 and random access memory 94 
(Figure 4). Adecision is then made at block 124 to de- 
termine whether it is time to recalibrate the system. 
Detector array 8 automatically recalibrates if there 
has not been any newspap rs detected within ap- 55 
proximately, for exampl , fiv minutes. A register 
within microprocessor 44 is checked to determine its 
state. If th register contains a zero, the time to reca- 



librat has not pass d, and if th register contains a 
on , then recalibration is performed. 

If no recalibration is necessary, the top fetch sub- 
routine is called at block 1 26. The top fetch subroutine 
fetches the top of the newspaper array, and will be 
discussed with respect to Figure 6e. Adecision is then 
made at block 128 to determine if the top of the news- 
paper is above detector array 8. If the decision is yes, 
a counter is incremented at block 1 30 and if the coun- 
ter is equal to FF (HEX) at decision block 132, a prob- 
lem bit is set at block 134 which outputs a fault signal, 
and the fault subroutine is called at block 135. If the 
decision at block 1 32 is no, the program calls the fault 
subroutine at block 135. 

The fault subroutine is called at block 135 which 
will be described with respect to Figure 6n which 
checks all the problem bits to determine if any one bit 
is set. A decision is then made at block 136 to deter- 
mine if a newspaper is present at detector array 8. A 
newspaper is present at detector array 8 if any one of 
the 2048 detectors is illuminated. If the answer at 
block 136 is no, the derivative subroutine (Figure 6g) 
is called at block 138; the history subroutine (Figure 
6h) is called at block 140; and the digital-to-analog 
converter (DAC) subroutine (Figure 6f) is called at 
block 142 and the program loops back to decision 
block 124. 

If the decision at block 136 is that a newspaper 
is present, a decision is made at block 144 to deter- 
mine if there was a previous newspaper present. If no 
previous paper was present, the program continues 
to Figure 6b, and if a previous paper was present, the 
program continues to Figure 6c. 

Referring now to Figure 6b, the derivative subrou- 
tine is called at block 150. This subroutine is calculat- 
ing from point to point or from sample to sample the 
difference in the derivative value in the profile of a 
newspaper passing detector array 8. The history sub- 
routine is called at block 152. This subroutine saves 
in a rotating file four data points of the profile of a 
newspaper as well as the top of the newspaper and 
the derivatives. The program continues by calling the 
digital-to-analog converter (DAC) subroutine at block 
154 which outputs to digital-to-analog converter 96 
(Figure 4) information such as, for example, the top 
of the newspaper. The next subroutine called is the 
new detect (NEW DET) subroutine at block 1 56 which 
detects when there is actually a newspaper present 
at detector array 8, when an output pulse should be 
generated representing a newspaper being present 
and whether one or multiple newspapers are present. 

Adecision is then made at block 158 to determine 
if the output pulse register is set. The output pulse 
register within microprocessor 44 may contain four 
s ttings indicating that: 1) an output pulse should not 
b g nerated; 2) a first criteria for utputting a puis , 
a large positiv derivative has been satisfied; 3) th 
s con d criteria that a zero derivative has been passed 
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and the siz indicates ne n wspap r present; r 4) 
that two n wspapers are present. Th se conditions 
are repres nted by a zero, one, tw r three con- 
tained within th utput pulse register. If the output 
pulse register contains a zero, the program returns to 5 
block 124 (Figure 6a). 

If output pulse register is set to output a pulse 
then the decision at block 158 is yes and the counter 
registers of microprocessor 44 are then cleared at 
block 160. The counter registers within microproces- 10 
sor 44 count continuously fora predetermined time in- 
tervals such as, for example, five minutes, to deter- 
mine when it is required to recalibrate the system by 
determining the thickness of a newspaper for detect- 
ing the presence of subsequent newspapers. The cal- 15 
ibration subroutine (Figure 6k) stores the values of 
the first sixteen newspapers which have passed de- 
tector array 8. After the first sixteen newspapers have 
passed, the system is calibrated to determine wheth- 
er a single newspaper or double newspaper has 20 
passed detector array 8. If there is a gap in the stream 
of newspapers of, for example, five minutes, when no 
newspapers are present, recalibration is required be- 
cause, for example, different sized newspapers may 
be subsequently processed. Therefore, the counter 25 
registers are cleared. 

After the output pulse register is set, a bit is then 
set at block 1 62 to indicate the presence of a previous 
newspaper for the next newspaper. Adecision is then 
made at block 164 to determine if the inhibit output 30 
pulse bit is set. If the inhibit output pulse bit was set, 
no pulse is output and the inhibit pulse bit is cleared, 
and all registers are cleared at block 166, and the 
main loop starts again at block 124 (Figure 6a). 

If the inhibit output pulse bit was not set, the pro- 35 
gram continues by calling the delay subroutine at 
block 1 68. This subroutine actually outputs the pulses 
from microprocessor 44 and insures that there is a 
minimum spacing between the pulses output by mi- 
croprocessor 44. Spacing may be, for example, 10 40 
milliseconds between pulses. The registers that were 
set before the pulse was output are then cleared at 
block 170 and the program continues to block 124 
(Figure 6a). 

Referring now to Figure 6c, if a previous newspa- 45 
per was present, the derivative subroutine, digital-to- 
analog converter subroutine, and new detect subrou- 
tine are called at blocks 1 80, 1 82 and 1 84, respective- 
ly. A decision is made at block 1 86 to determine if the 
output pulse register is set, if the decision is no, the 50 
program continues to decision block 124 (Figure 6a). 

If the decision at decision block 186 is yes, the 
counter registers are cleared at block 188, and the bit 
to indicate that there was a previous newspaper is set 
at block 1 90. A decision is then made at block 1 92 1 55 
d termineifthe inhibit puis wass t. Ifth inhibit ut- 
put pulse was set, no pulse is output and all the reg- 
isters are clear d at block 194, and the program con- 



tinues t d cisi n block 124 (Figur 6a). Up t this 
point in th "B branch" of the main program, the steps 
are identical to the "A branch" (Figure 6b). How ver, 
if th inhibit output pulse was not set, the calibrati n 
subroutine (Figure 6k) is called at block 196, and the 
program continues by calling the delay subroutine 
(Figure 61) at block 198 and the registers are cleared 
that were set before a pulse was output at block 200, 
and the program continues to decision block 124 (Fig- 
ure 6a). 

Referring now to Figure 6d, the initialize subrou- 
tine is illustrated. The program of Figure 6d initializes 
microprocessor 44 at block 210, initializes interrupts 
of microprocessor 44 at block 212, initializes the in- 
put/outputs of microprocessor 44 at block 214, clears 
the registers of microprocessor 44 at block 216, 
clears random access memory 94 at block 218, sets 
the initial height criteria for newspapers at block 220, 
and sets the initial derivative criteria at block 222. Ini- 
tialize program then returns to main program (Figure 
6a). 

Referring to Figure 6e, the software program for 
the top fetch subroutine is illustrated. The CCD array 
8 enable bit is read at block 230. A decision is made 
at block 232 to determine if the enable bit is a one. If 
the enable bit is not, the program returns to read the 
enable bit at block 230. If the bit is a one, the enable 
bit is again read at block 234 and a decision is made 
at block 236 to determine if the enable bit is a zero. If 
the enable bit is not a zero, the bit is read again at 
block 234. if the enable bit is a zero, confirmation has 
been made that the enable bit has toggled and the 
bytes of RAM 36 (Figure 3) are read at block 240. If 
the byte is equal to 00 HEX at decision block 242, a 
counter within microprocessor 44 is incremented by 
eight at block 244. A decision is then made at block 
246 to determine if the count is a maximum value. If 
the count is the maximum value, a register is set with- 
in microprocessor 44 indicating that no newspaper is 
present at block 248. tf the maximum count is not 
present, the bytes of RAM 36 (Figure 3) are read 
again at block 240. The counter that is incremented 
at block 244 represents a count corresponding to the 
top value of a newspaper. If the counter is at the max- 
imum value, the entire array of CCD array 8 has been 
scanned and no newspaper has been found. 

If the decision at block 242 is no, a byte that is not 
equal to zero has been found, and it must be deter- 
mined which bit in the byte is the first one, and a ro- 
tating write through carry operation is performed at 
block 250. If the carry is a one at decision block 252, 
the value of the counter does equal the top of the 
newspaper and a signal is generated at block 254. If 
the decision at block 252 is no, the counter is incre- 
mented by one at block 256 and th program returns 
to block 250. Once th t p fthe newspa per has be n 
det rmined and the count r has been s t, th pro- 
gram returns to the main program (Figur 6a). 
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R ferring n w to Figure 6f, th digital-to-analog 
converter subroutin is illustrated. This subroutine 
provides the analog test signal from microprocessor 
subsystem 49. A decision is mad at block 270 to de- 
termine if the I/O bit 6 is set. If I/O bit 6 is set, a deci- s 
sion is then made at block 272 to determine if I/O bit 
4 is set If I/O bit 4 is set, a decision is then made at 
block 274 to determine if I/O bit 3 is set. If bit 3 is set, 
the A Register within microprocessor 44 is loaded. 
The A Register of microprocessor 44 contains the der- 10 
ivative value. The 8 bit value of the A Register is an 
output at block 278 to the digital-to-analog converter. 

If I/O bit 3 was not set, Register A is loaded with 
00 HEX and this value is output to the digital-to-ana- 
log converter 96 (Figure 4) at block 278. If bit 6 and 15 
bit 4 were set, the signal output to microprocessor 44 
is a position input which is input via bit 3. Therefore, 
it is bit 3 that will be the output as the test signal at 
block 278. 

If bit 6 is set, and bit 4 is not set, the decision at 20 
block 272 will be followed by loading Register A with 
a derivative value at block 280 which will be output as 
the test signal. If bit 6 is not set, a decision is made at 
block 282 to determine if bit 5 is set If bit 5 is set, Reg- 
ister A is loaded with the calibration value at block 25 
284. If bit 5 was not set, register A is loaded with the 
top value of the newspaper which is output as the test 
signal at block 278. Therefore, the test signal may in- 
clude either the value of the top of the newspaper, the 
calibration value, the derivative value, or the position 30 
input depending upon the setting of I/O bits 3, 4, 5 and 
6. 

Referring now to Figure 6g, the derivative subrou- 
tine is illustrated. A decision is made at block 300 to 
determine if the new top value of the newspaper is 35 
greater than the previous top value. If the new top val- 
ue is greater than the previous top value, the new val- 
ue is subtracted from the previous value at block 302. 
If the value after subtraction is greater than or equal 
to HEX 80, the value is set equal to HEX 80 at block 40 
304. The new top value is then subtracted from HEX 
80 at block 306 and this value is then input to the der- 
ivative register of microprocessor 44 at block 308 and 
the program returns to the main program. 

If the new top value was less than the previous 45 
value, a subtraction is made by subtracting the pre- 
vious value from the new value at block 31 0. If the re- 
sulting value is greater than HEX 80, the value is set 
equal to HEX 80 at block 312, and the difference is 
added to HEX 80 at block 314. This value is then so 
moved to the derivative register at block 308. The pur- 
pose of the derivative subroutine of Figure 6g is to en- 
sure that the positive derivative changes are above a 
center reference and negative derivative changes are 
below a cent r referenc where HEX 80 represents 55 
an offset value. 

Referring now to Figure 6h, the history subrou- 
tine is illustrated which functions t maintain a history 



ofth previous four valu s forth topofth newspa- 
p r and the derivativ values. A determinati n is 
made at block 320 t determine if th r calibration 
register is set. If the register is set, th value of 00 
(HEX) is stored in the top newspaper file at block 322. 
The value of 80 (HEX) is stored in the derivative file 
at block 324. If the decision at block 320 were no, the 
program continues to shift the top data to the next 
storage position at block 326. The previous data stor- 
ed in the highest memory location is then dropped. 
The present data is stored in the lowest memory lo- 
cation at block 328. The derivative data is shifted into 
the next storage position at block 330, and the previ- 
ous data stored in the highest memory location for the 
derivative data is dropped. The present derivative 
data is then stored in the lowest memory location at 
block 332 and the program returns to the main pro- 
gram (Figure 6a). 

Referring now to Figure 6i, the new detect sub- 
routine which contains the software for detecting a 
single or double newspaper is illustrated. A compari- 
son is made at block 340 to compare the new deriva- 
tive value with the previous value before a large neg- 
ative drop to determine if the drop is greater than or 
equal to 10 (HEX). This comparison performs noise 
filtering to insure that the edge of a newspaper is ac- 
tually present, and that folds within a newspaper do 
not appear as actual newspapers. If the criteria at de- 
cision block 340 is met, the inhibit pulse register at 
block 342 is cleared to begin the process of prevent- 
ing a count pulse since no newspaper is actually pres- 
ent. 

If the decision at block 340 is no, representing 
that a single newspaper is present, the program con- 
tinues at block 344 by retrieving the previous deriva- 
tive. Adecision is then made at block 346 to determine 
if the previous derivative value is greater than the cali- 
brated derivative value. If the decision is yes, register 
45 is set equal to one at block 348, and if the decision 
is no, register 45 is set equal to zero at block 350. A 
decision is then made at block 352 to determine if the 
new derivative value is greater than or equal to the 
calibrated derivative value. If the decision is yes, a 
register 46 is set equal to one at block 354, and if the 
decision is no, register 46 is set equal to zero at block 
356. 

Adecision is then made at block 358 to determine 
if the new derivative value is less than the maximum 
derivative value. The function of this inquiry is to de- 
termine if the negative derivative value drops more 
than a certain amount and if this decision is yes, the 
data represents noise, and the inhibit pulse register is 
set at block 360. The setting of the inhibit pulse reg- 
ister will thereby inhibit the next pulse when this con- 
dition occurs. Th previous value before the large 
negative derivative jump is saved at block 362 and a 
boundary valu is add d to the previous value at 
block 364. Ad cisionisth n made at block 366 to de- 
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termineifth value st red within r gister 45 is qual 
to the value stored within register 46. If the answer is 
yes, indicating that there is a flat slope, the new detect 
subroutine is re- xecuted. If the decision at block 366 
is no, a decision is made to determine if the value of s 
register 45 is greater than the value of register 46 
meaning that register 45 contains a zero and register 
46 contains a one at block 368. If this decision is yes, 
the top edge of the newspaper has been located and 
the profile is decreasing, having passed through the 10 
zero derivative point and the new detect program con- 
tinues with Figure 6j. If the decision at block 368 is no, 
the value of register 46 is equal to one and the value 
of register 45 is equal to zero, the first criteria for a 
newspaper being present is set at block 370, indicat- 15 
ing that there is a positive change in the derivative. 
The lowest value for the thickness calculation is then 
saved at block 372 and the new detect subroutine is 
re-executed. 

A new detect program is continuously re-execut- 20 
ed until the value stored in register 45 is greater than 
the value stored in register 46 at which point the new 
detect program continues at Figure 6j and the lowest 
value of the newspaper top is retrieved at block 380. 
The newspaper thickness is then calculated at block 25 
382. A decision is then made at block 384 to deter- 
mine if the calculated thickness is greater than the 
calibrated value. If this criteria is met, a decision is 
made at block 386 to determine if register 23 is set 
equal to 1 . If the answer is yes, the criteria for a news- 30 
paper being present is satisfied, and register 23 is set 
equal to 2 at block 388. If either of the decisions at 
blocks 384 and 386 were no, indicating that the criter- 
ia for a newspaper being present are not satisfied, the 
new detect program is re-executed. 35 

A decision is then made at block 390 to determine 
if there was a prior newspaper present. If the answer 
is yes, a decision is made at block 392 to determine 
if the thickness is greater than or equal to the calcu- 
lated value for a double newspaper being present If 40 
the thickness criteria is satisfied, register 23 is set 
equal to a three at block 394. The value of register 23 
for the previous fifteen newspapers is then shifted 
into RAM 94 (Figure 4) and a new value is also shifted 
into RAM 94 at block 398. The new detect subroutine 45 
is then re-executed. 

Referring now to Figure 6k, the calibration sub- 
routine determines the calibration value for height 
and derivative value. Present within microprocessor 
44 is a counter which is initialized to zero. The first six- 50 
teen newspapers passing CCD array 8 are utilized for 
generating a calibration value for height. The height 
values for the first sixteen newspapers are loaded 
into RAM 94 (Figure 4). A decision is made at decision 
block 410 to determine if th sixteen newspapers 55 
have pass d CCD array 8. If less than stxte n hav 
pass d, the calibration subroutin c ntinues. A yes 
dectsi n at block 410 indicates that all sixteen news- 



papers hav passed CCD array 8 and th sixt en val- 
ues are summed at block 412. Th sum is divided by 
sixteen at block 414, and the calibration value for 
newspaper height is set up at block 416. The calibra- 
tion values are set at block 418 and the calibrat sub- 
routine is completed and the program returns to the 
main program (Figure 6a). 

Referring to Figure 61, the delay subroutine is il- 
lustrated and functions to space the output pulses for 
the count of newspapers. A decision is made at block 
430 to determine if the value stored within a timer reg- 
ister of microprocessor 44 is greater than or equal to 
10 milliseconds since the previous interrupt pulse. If 
the decision is no, the delay of 10 milliseconds is in- 
troduced at block 432. If the decision is yes, the out- 
put subroutine (Figure 6m) is called at block 434. A de- 
cision is then made at block 436 to determine if two 
pulses are to be output. If the decision is yes, indicat- 
ing that the value within register 23 is equal to three, 
indicating two newspapers present, a delay of an ad- 
ditional 10 milliseconds is introduced at block 438 and 
the output subroutine (Figure 6m) is called at block 
440. The program then returns to the main subroutine 
(Figure 6a). 

Referring now to Figure 6m, the output subrou- 
tine is illustrated which outputs the pulse to trigger 
one shot device 1 00 (Figure 4). The output subroutine 
functions to change the input/output bit one to a zero 
at block 442, introduce a delay of, for example, five 
microseconds at block 444 and change I/O bit one 
back to a one at block 446. Changing of I/O bit one 
from a zero to a one triggers one shot device 100 (Fig- 
ure 4) which is set to output the pulse for a 10 milli- 
second width. The delay introduced by the output 
subroutine is not critical, so long as it is less than the 
output of one-shot device 100. 

Referring now to Figure 6n, the fault subroutine 
is illustrated for detecting a failure of light source 10 
or whether the newspaper has gone above linear de- 
tector array 8 to output a fault condition. A decision is 
made at block 450 to determine if I/O bit 7 is set. Bit 
7 is the input from lamp "on" detector (Figure 4). If bit 
7 is not set, bit 1 in a problem register within micro- 
processor 44 is cleared at block 452. If the bit 7 is set, 
bit 1 in the problem register is set at block 454. A de- 
cision is then made at block 456 to determine if the 
problem register is set equal to 00 HEX from another 
location within the program. If the decision at block 
456 is yes, then the I/O bit 2 is reset at block 458, and 
if the decision is no, the I/O bit 2 is set at block 460. 
The program then returns to the main program (Fig- 
ure 6a). 

Referring now to Figure 60, the interrupt subrou- 
tine is illustrated for entering an interrupt every, for 
example, .33 millis conds so that microprocessor 44 
generates an interrupt f r increm nting a c unter at 
bl ck 480. The counter at block 480 is reset after the 
output of a pulse. If no n wspapers have gone past 
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c ssiv n wspap r imag top profil values to 
obtain a derivative of successive image top pro- 
file values; 

means (370) for initiating a newspaper 
5 count output when the rat of change of succes- 

sive image top profile values changes from pos- 
itive to negative; and 

means (382) to develop a newspaper 
thickness definite value, said newspaper count 
10 output comprises a single count increment when 

said newspaper thickness definitive value ex- 
ceeds a calibrated thickness value and said 
newspaper count output comprises a double 
count increment when said measured newspaper 
15 thickness exceeds a second calibrated thickness 
value. 

2. The system defined in claim 1 wherein said 
means (6) for optically focusing the side image of 
20 the newspapers (2) on said linear detector array 
(8) comprises a light source (1 0), a light shielding 
member (14) having an elongated through-slot 
(4) formed therein, said slot (4) being oriented 
transverse of the surface of the newspaper con- 
25 veyor, a lens system (6) oriented along the line of 
sight (1 2) between said slot (4) and said linear de- 
tector array (8), said lens system (6) focusing the 
slot defined image of the side edges of the news- 
papers (2) on said linear detector array (8), said 
30 light source (10) being angular oriented with re- 
spect to the line of sight (12) between said linear 
detector array (8) and the side edge of the news- 
papers (2) whereby light beyond a predetermined 
depth of field defined by said lens system (6) is 
35 well below the adjustable threshold detection lev- 
el and the side edges of the newspapers are fo- 
cused on said linear detector array (8) are illumin- 
ated. 



detector array 8, the counter continues t count. A de- 
cision is mad at block 482 to determine if the count 
is greater than 3A98 (HEX) representing the passage 
of five minutes. If the decision is yes, the recalibrati n 
bit is set at block 484, since no newspapers have 
passed by detector array 8. 

If the decision at block 42 is no, a decision is 
made at block 486 to determine if the output pulse bit 
is set. If the output pulse bit is set, the counter repre- 
senting the time between output pulses is decrement- 
ed at block 488. A decision is then made at block 490 
to determine if the minimum time is zero. If the time 
is zero, the next output pulse is enabled at block 492. 
If the decision is no, the interrupt program returns to 
the main program (Figure 6a). Microprocessor 44 will 
automatically generate the interrupt to execute the in- 
terrupt program of Figure 6o. 

While the present invention has been described 
with respect to a particular embodiment thereof, it is 
not to be so limited, as changes might be made there- 
in which fall with scope of the invention as defined in 
the appended claims. 



Claims 

1. A system for obtaining a count of overlapped 
newspapers (2) having side edges, the newspa- 
pers (2) carried on a moving conveyor compris- 
ing: 

first means (16) for optically focusing the 
side image of the newspapers (2) on a linear de- 
tector array (8), said linear detector array (8) be- 
ing disposed transversely to the side edges of the 
newspapers (2) and transversely to the conveyor 
axis of motion; 

second means (16) for serially shifting 
analog outputs at a clock defined rate from said 
linear detector array (8) to differential amplifier 
means (22), said differential amplifier means fur- 40 
ther receiving a reference dark level output (20) 
from linear detector array (8) for removing the DC 
offset therefrom; 

third means (28) receiving the output (24) 
from said differential amplifier means (22) and 45 
for converting said differential amplifier means 
output (24) to a serial digital output signal (30) as 
defined by a selected light level, 

a serial-in/parallel-out shift register (32) 
receiving said third means (28) output signal (30), so 
the system characterized by: 

a microprocessing means (44), for devel- 
oping an image top profile value of the newspa- 
per flow image as it appears in said linear detec- 
tor array (8) based upon the output of said shift 55 
r gister (32) aft r all analog utputs have b n 
shift d from said linear d tectorarray(8); m ans 
(300) for comparing the difference between suc- 



3. A system for obtaining a count of overlapped 
newspapers (2) having side edges, the newspa- 
pers (2) carried on a moving conveyor compris- 
ing: 

a linear CCD array (8) oriented trans- 
versely of the side edges of said newspapers (2) 
and transversely of the conveyor axis of motion; 

means (6) for optically focusing the side 
image of said newspapers on said linear CCD ar- 
ray (8); 

means (32) for continuously serially shift- 
ing outputs (30) from said linear CCD array (8) at 
a clock defined rate, the system characterized by: 

signal processing means (44) for receiving 
said serially shifted outputs (30) from said linear 
CCD array (8) aft rail utputs hav b en shift d 
from said linear CCD array (8), 

said signal processing means (44) com- 
prising means (254) for devel ping clock defined 
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repetitiv s qu ntial digital valu s definitiv of 
the top profit of said n wspapers as said news- 
papers (2) are conveyed past said linear CCD ar- 
ray (8), 

means (300) for comparing ach f said 5 
digital values with the next preceding one of said 
digital values to obtain derivative value of the top 
profile of said newspapers (2), 

means (370) for initiating a newspaper 
count output increment when said derivative val- 10 
ue changes from positive to negative, 

means (382) to develop a newspaper 
thickness definite value from a comparison be- 
tween the previous newspaper top profile and the 
existing newspaper top profile value, and differ- 15 
ence value calculated from sample to sample 
changes from positive to negative of the existing 
newspaper, said newspaper count output com- 
prising a single count increment when said news- 
paper thickness definitive value exceeds a cali- 20 
brated value thickness, and said newspaper 
count output comprising a double count incre- 
ment when said newspaper thickness value ex- 
ceeds a second calibrated value thickness. 

25 

The system defined in claim 3 wherein said 
means (6) for optically focusing the side image of 
said newspapers (2) on said linear CCD array (8) 
comprises a light source (10), a light shielding 
member (14) having an elongated through-slot 30 
(4) formed therein, said slot (4) being oriented 
transverse of the surface of said newspaper con- 
veyor, a lens system (6) oriented along the line of 
sight (12) between said slot (4) and said linear 
CCD array (8), said lens system (6) focusing the 35 
slot defined image of the side edges of said 
newspapers (2) on said linear CCD array (8), said 
light source (10) being angular oriented with re- 
spect to the line of sight (12) between said linear 
CCD array (8) and the side edge of said newspa- 40 
pers (2) whereby light beyond a predetermined 
depth of field defined by said lens system (6) is 
well below the adjustable threshold detection lev- 
el and the side edges of said newspapers are fo- 
cused on said linear CCD array (8) are illuminat- 45 
ed. 

A method of obtaining a count of overlapped 
newspapers (2) carried on a moving conveyor by 
image analysis of the image of the side edges of so 
said newspaper (2) as the focused image imping- 
es on a linear CCD array (8) oriented transversely 
of said newspaper (2) side edges and transverse- 
ly of the conveyor axis of motion, comprising the 
r petitrv sequential steps of: 55 

serially shifting anal g outputs (16) fr m 
the linear CCD array (8) and a reference light lev- 
el output (20) to a differential amplifier (22) to re- 



move th D.C.offs tth refrom, amplify and filter 
high frequency nois therefrom; 

converting (28) the analog output signal 
from said differential amplifier (22) to a serial dig- 
ital output signal (30) as d fined by a s lected 
light level; 

applying said serial digital output (30) to a 
serial-in/parallel-out shift register (32); 

storing the parallel output from said shift 
register (32) in a random access memory (36), 
the method characterized by : 

transferring data in said random access 
memory (36) to a microprocessor (44) for devel- 
oping (254) a value definitive of the top profile of 
the newspaper image as it appears on the linear 
CCD array (8) after all analog outputs have been 
shifted from said linear CCD array (8); 

obtaining the difference (300) between 
successive newspaper image top definitive value 
to obtain a value definitive of the rate of change 
of said top definitive values; 

determining (370) the thickness of the 
newspapers when the rate of change of said top 
definitive value changes from positive to nega- 
tive; 

initiating (382) a single count increment 
when the rate of change of successive top defin- 
itive counts goes from positive to negative and 
the measured thickness of the newspapers ex- 
ceeds a first calibrated value thickness; and 

initiating (382) a double count increment 
when the rate of change of successive top defin- 
itive values changes from positive to negative 
and the measured thickness of the newspapers 
exceeds a second calibrated value thickness. 



Patentanspruche 

1. System zum Erhalten eines Zahlwertes von 
uberlappten Zeitungen (2), die Seitenkanten ha- 
ben, wobei die Zeitungen (2) auf einem sich be- 
wegenden Forderer transportiert werden, wel- 
ches umfaRt: 

ein erstes Mittei (16) fur das optische Fo- 
kussieren des Seitenbildes der Zeitungen (2) auf 
ein lineares Detektorfeld (8), wobei dieses lineare 
Detektorfeid (8) quer zu den Seitenkanten der 
Zeitungen (2) und quer zur Bewegungsachse des 
Forderers angeordnet ist; 

ein zweites Mittei (16) fur das serielle Ver- 
schieben analoger Ausgangssignale mit einer de- 
finierten Taktgeschwindigkeit von diesem linea- 
ren Detektorfeld (8) zu einem Differentialverstar- 
kermittel (22), wobei dieses Differentialverstar- 
kermittel w it rhin ein Bezugs-Dunkelpeg I- 
Ausgangssignat (20) von dem lin aren Detektor- 
f Id (8) fur di Bes itigung d r Gleichstrom-Off- 
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s tspannung daraus mpfangt; 

ein drittes Mittel (28), das den Ausgang 
(24) aus dem Differentialverstarkermittel (22) 
empfangt, und fur di Umwandlung des Aus- 
gangs (24) aus diesem DifferentialverstSrkermit- s 
tel in ein serielles digitales Ausgangssignal (30), 
wie es durch einen gewShlten Lichtpege! def iniert 
ist; 

ein Schieberegister mit seriellem Eingang 
und parallelem Ausgang (32), das das Ausgangs- 10 
signal (30) aus dem dritten Mittel (28) empfangt, 
gekennzelchnet durch: 

ein Mikroprozessormittel (44) fur die Ent- 
wicklung eines Bildoberseitenpnofilwertes des 
Zeitungsflie&bildes, wie es in dem linearen De- 15 
tektorfeld (8) erscheint, auf Basis des Ausgangs 
aus dem Schieberegister (32), nachdem alle analo 
gen Ausgangssignale von dem linearen Detektor- 
feld (8) verschoben sind; ein Mittel (300) fur das 
Vergleichen der Differenz zwischen aufeinander- 20 
fblgenden Zeitungs-Bildoberseitenprofilwerten, 
urn eine Ableitung fur aufeinanderfblgende Bild- 
oberseitenprofilwerte zu erhalten; 

ein Mittel (370) fur das Ausldsen eines 
Zeitungszahlwert-Ausgangssignals, wenn die 25 
Anderungsrate aufeinanderfolgender Bildober- 
seitenprofilwerte sich vom Positiven zum Nega- 
tiven Sndert; 

ein Mittel (382), urn einen definitiven Zei- 
tungsdickenwert zu ermitteln, wobei das 30 
Zeitungszahlwert-Ausgangssignal ein einziges 
Zahlwertinkrement umfaBt, wenn der definitive 
Zeitungsdickenwert einen geeichten Dickenwert 
uberschreitet und das Zeitungszahlwert-Aus- 
gangssignal ein doppeltes Zihlwertinkrement 35 
umfa&t, wenn die gemessene Zeitungsdicke ei- 
nen zweiten geeichten Dickenwert uberschreitet. 

2. System nach Anspruch 1 , wobei das Mittel (6) fur 
das optische Fokussieren des Seitenbildes der 40 
Zeitungen (2) auf das lineare Detektorfeld (8) ei- 
ne Lichtquelle (10), ein lichtabschirmendes Ele- 
ment (14), das einen langlichen darin ausgebilde- 
ten Durchgangsschlitz (4) hat, wobei dieser 
Schlitz (4) quer zur Oberflache des Zeitungsfdr- 45 
derers orientiert ist, ein Linsensystem (6), das 
entlang der Sichtlinie (12) zwischen dem Schlitz 
(4) und dem linearen Detektorfeld (8) orientiert 
ist, umfaBt, wobei dieses Linsensystem (6) das 
durch den Schlitz def inierte Bild der Seitenkan- 50 
ten der Zeitungen (2) fokussiert, wobei die Licht- 
quelle (10) winklig bezogen auf die Sichtlinie (12) 
zwischen dem linearen Detektorfeld (8) und der 
Seitenkante der Zeitungen (2) orientiert ist, wo- 
durch Licht jenseits einer vorbestimmten Tiefen- 55 
scharfe, di durch das Linsensyst m (6) def iniert 
wird, ausr ichend unter dem instellbaren 
Schwellenwertpegel liegt und die Seitenkanten 
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der Zeitungen, die auf das lin are Det ktorf Id 
(8) fokussiert werd n, beleuchtet werden. 

3. System zum Erhalten ein s ZShlwertes von 
uberlappten Z itungen (2), die Seitenkanten ha- 
ben, wobei die Zeitungen (2) auf einem sich be- 
wegenden Fdrderer transportiert werden, wel- 
ches umfa&t: 

ein lineares CCD-Feld (8), das querzu den 
Seitenkanten der Zeitungen (2) und quer zur For- 
derer-Bewegungsachse orientiert ist; 

ein Mittel (6) fur das optische Fokussieren 
des Seitenbildes der Zeitungen auf dem linearen 
CCD-Feld (8); 

ein Mittel (32) fur das kontinuieriiche seri- 
elle Verschieben von Ausgabesignalen (30) von 
dem linearen CCD-Feld (8) mit einer durch einen 
Taktgeber definierten Rate, gekennzeichnet 
durch: 

ein Signalverarbeitungsmittel (44) fur das 
Empfangen der seriell verschobenen Ausgangs- 
signale (30) von dem linearen CCD-Feld (8), 
nachdem alle Ausgangssignale von diesem linea- 
ren CCD-Feld (8) verschoben worden sind, 

wobei dieses Signalverarbeitungsmittel 
(44) ein Mittel (254) fur das Entwickeln von durch 
einen Taktgeber definierten sich wiederholenden 
sequentiellen digitalen Werten umfaBt, die, wenn 
die Zeitungen (2) vorbei an dem lineare CCD- 
Feld (8) gefBrdert werden, fur das Oberseitenpro- 
fil der Zeitungen maBgeblich sind; 

ein Mittel (300) fur das Vergleichen jedes 
der digitalen Werte mit dem nachstvorange hen- 
den dieser digitalen Werte, urn Ableitungswerte 
des Oberseitenprof ils der Zeitungen (2) zu erhal- 
ten; 

ein Mittel (370) fur das Ausldsen eines 
Zeitungszahlwert-Ausgabeinkrements, wenn 
sich dieser Ableitungswert vom Positiven zum 
Negativen andert; 

ein Mittel (382), urn einen neuen definiti- 
ven Zeitungs-Dickenwert aus einem Vergleich 
zwischen dem vorhergehenden Zeitungs-Ober- 
seitenprof il- und dem gegenwartigen Zeitungs- 
Oberseitenprofilwert und einen Differenzwertzu 
entwickeln, der aus Anderungen von Stichprobe 
zu Stichprobe vom Positiven zum Negativen der 
gegenwartigen Zeitung berechnet wird, wobei 
dieses Zeitungs-Zahlwertausgangssignal ein 
einzelnes Zahlwertinkrement umfa&t, wenn der 
definitive Zeitungs-Dikkenwert einen geeichten 
Dickenwert uberschreitet, und wobei dieses 
Zeitungs-ZShlwertausgangssignal ein doppeltes 
Zahlwertinkrement umfaBt, w nn der Z itungs- 
dickenw rt ein n zweiten geeicht n Dickenwert 
ub rschreitet. 

4. Syst m nach Anspruch 3, wobei das Mitt I (6) fur 
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das optisch Fokussi r n d s Seit nbild s der 
Zeitungen (2) auf das linear CCD-Feld (8) ine 
Lichtquelle (10), ein Lichtabschirm lem nt (14), 
das einen darin ausgebildeten langlichen Durch- 
gangsschlitz (4) umfa&t, w bardies rSchlitz(4) s 
quer zur Oberf lache des Zeitungsforderers ori- 
entiert ist, und ein Linsensystem (6) umfaRt. das 
entlang der Sichtlinie (12) zwischen dem Schlitz 
(4) und dem CCD-Feld (8) angeordnet ist, wobei 
dieses Linsensystem (6) das durch den Schlitz 10 
def inierte Bild der Seitenkanten der Zeitungen 
(2) auf dem linearen CCD-Feld (8) fokussiert, wo- 
bei die Lichtquelle (10) winklig bezogen auf die 
Sichtlinie (12) zwischen dem linearen CCD-Feld 
(8) und der Seitenkante der Zeitungen (2) orien- 15 
tiert ist, wodurch Licht jenseits einer vorbestimm- 
ten Tiefenscharfe, die durch das Linsensystem 
(6) def iniert wird, urn einen angemessenen Wert 
unterhalb des einstellbaren Schwellenwert-Fest- 
stellpegels liegt und die Seitenkanten der Zeitun- 20 
gen, die auf dem linearen CCD-Feld (8) fokus- 
siert werden, beleuchtet werden. 

5. Verfahren, urn einen Zahlwert fur Qberlappte Zei- 
tungen (2), die auf einem sich bewegenden For- 25 
derer transportiert werden, durch Bildanalyse 
des Bildes der Seitenkanten dieser Zeitungen (2) 
zu erhalten, wenn das fokussierte Bild auf ein li- 
neares CCD-Feld (8) auftrifft, das quer zu den 
Zeitungs-Seitenkanten (2) und quer zur F6rde- 30 
rer-Bewegungsachse orientiert ist, welches Ver- 
fahren die folgenden sich wiederholenden, se- 
quentiellen Schritte umfaBt 

serielles Verschieben analog er Ausgangs- 
signale (16) aus dem linearen CCD-Feld (8) und 35 
eines Referenz-Lichtpegel-Ausgangssignals (20) 
zu einem DifferentialverstSrker (22), urn den 
Gleichstrom-Offset daraus zu entfernen, es zu 
verstarken und Hochfrequenzrauschen daraus 
zu entfernen; 40 

Konvertieren (28) des analogen Aus- 
gangssignals aus dem DifferentialverstSrker (22) 
in ein serielles digitales Ausgangssignal (30), wie 
es durch einen gewahlten Lichtpegel definiert 
wird; 45 

Anlegen des seriellen digitalen Ausgangs- 
signals (30) an ein Schieberegister (32) mit seri- 
eliem Eingang und paralielem Ausgang; 

Speichern des paralielen Ausgangs aus 
dem Schieberegister (32) in einem Speicher mit 50 
adressierbarem Zugriff (36), gekennzelchnet 
durch: 

0 bertragen der Daten in dem Speicher mit 
adressierbarem Zugriff (36) in einen Mikropro- 
zessor (44) fur das Entwickeln (254) ines d fi- 55 
nitiv n W rtes des Oberseitenprofils des Zei- 
tungsbildes, wie s auf dem lin aren CCD-F Id 
(8) erscheint, nachdem all analogen Ausgangs- 



signal ausd m linear n CCD-Feld (8) verscho- 
benw rdensind; 

Erhalten der Differenz (300) zwischen 
aufeinanderfolgenden definitiven Zeitungsbild- 
Oberseitenwerten, urn einen Wert zu erhalten, 

der definrtivfurdie Anderungsrate der definitiven 
Oberseitenwerte ist; 

Bestimmen (370) der Dicke der Zeitun- 
gen, wenn sich die Anderungsrate der definitiven 
Oberseitenwerte vom Positiven zum Negativen 
andert; 

Auslosen (382) eines einzelnen ZShlwert- 
inkrements, wenn die Anderungsrate aufeinan- 
derfolgender definitiver Oberseiten-Zihlwerte 
vom Positiven zum Negativen ubergeht und die 
gemessene Dicke der Zeitungen einen ersten ge- 
eichten Dickenwert uberschreitet; und 

Auslosen (382) eines doppelten Zahlwert- 
inkrements, wenn sich die Anderungsrate aufein- 
anderfolgender definitiver Oberseitenwerte vom 
Positiven zum Negativen Sndert und die gemes- 
sene Dicke der Zeitungen einen zweiten geeich- 
ten Dikkenwert uberschreitet 



Revendlcatlons 

1 . Systeme pour obtenir un compte de journaux qui 
se chevauchent (2) ayant des bords lateraux, les 
journaux (2) 6tant portes sur un moyen d'achemi- 
nement mobile, comprenant : 
des premiers moyens (16) pourfocaliseroptique- 
ment ('image de cdte des journaux (2) sur une 
barrette de detecteur lineaire (8), iadite barrette 
de d&ecteur lineaire (8) etant disposee transver- 
sal ement par rapport aux bords lateraux des jour- 
naux (2) et transversalement par rapport a I'axe 
de deplacement du moyen d'acheminement ; 
des seconds moyens (16) pour decaler en serie 
des sorties analog iques a une cadence definie 
par une horloge de la barrette de detecteur lineai- 
re (8) vers un amplificateurdifferentiel (22), (edit 
amplificateur differentiel recevant de plus une 
sortie de niveau de noir de reference (20) de la 
barrette de d6tecteur lineaire (8) pour en enlever 
le decalage de courant continu ; 
des troisiemes moyens (28) qui recoivent la sor- 
tie (24) de I'ampiif icateur differentiel mentionne 
(22) et qui convertissent Iadite sortie (24) de I'am- 
piif icateur differentiel en un signal de sortie nu- 
merique serie (30) tel qu'il est def ini par un niveau 
de lumiere selectionn^, 

un registre a decalage entree sen'e/sortie paral- 
rie (32) qui recoitle signal d sorti (30) d s troi- 
siemes moyens (28), systeme caract6rise par : 
unmicroprocesseur(44)pourdev I pperun va- 
leur de profit superieur d'image de Timage de de- 
roulement des journaux telle qu'ell apparatt 
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dans ladite barrette d detecteur Iin6aire (8) ba- 
s6e sur la sortie du registre a decalage mention- 
ne (32) apres qu toutes les sorties analogiques 
aient ete decal6 s de ladite barrette de detecteur 
lineaire (8) ; 5 
des moyens (300) pour comparer la difference 
entre des valeurs de profil superieur successives 
d' image de journaux pour obtenir une derivee de 
valeurs successives de profil superieur d'image ; 
des moyens (370) pour lancer une sortie de 10 
compte de journaux iorsque ie taux de change- 
ment de valeurs de profil superieur d'image suc- 
cessives change de positif a negatif et 
des moyens (382) pour developper une valeur 
bien definie d'epaisseur de journaux, ladite sortie 15 
de compte de journaux comprenant une progres- 
sion de compte simple Iorsque ladite valeur bien 
definie d'epaisseur de journaux depasse une va- 
leur d'epaisseur etalonnee et ladite sortie de 
compte de journaux comprenant une progression 20 
de compte double Iorsque ladite epaisseur de 
journaux mesuree depasse une seconde valeur 
d'epaisseur etalonnee. 

2. Systeme selon la revendication 1 , dans lequel les 25 
moyens mentionnes (6) pour focaliser optique- 
ment I'image de cdt6 des journaux (2) sur ladite 
barrette de detecteur lineaire (8) comprennent 
une source de lumiere (10), un organe de protec- 
tion de la lumiere (1 4) ayant une fente de passage 30 
allongee (4) qui y est formee, ladite fente (4) etant 
orientee en sens transersal de la surface du 
moyen d'acheminement des journaux, un syste- 
me de lentilles (6) orients le long de la ligne de vi- 
sion (12) entre ladite fente (4) et ladite barrette de 35 
detecteur lineaire (8), ledit systeme de lentilles 
(6) focalisant I'image definie par la fente des 
bords lateraux des journaux (2) sur ladite barrette 
de detecteur lineaire (8), ladite source de lumiere 
(10) etant orient6e angulairement par rapport a la 40 
ligne de vision (12) entre ladite barrette de detec- 
teur lineaire (8) et le bord lateral des journaux (2), 
la lumiere au-dela d'une profondeur de champ 
predeterminee definie par le systeme de lentilles 
(6) mentionne etant bien au-dessous du niveau 45 
de detection a seuil ajustable et les bords late- 
raux des journaux qui sont focalises sur ladite 
barrette de detecteur lineaire (8) etant illumines. 

3. Systeme pour obtenir un compte de journaux qui so 
se chevauchent (2) ayant des bords lateraux, les 
journaux (2) etant portes sur un moyen d'achemi- 
nement mobile, comprenant : 
une barrette d'elements photosensibles lineaires 
a transf rt de charg (8) orientes transversale- 55 
ment par rapp rt aux bords lateraux des journaux 
mentionnes (2) et transversa lement par rapport a 
I'axe de deplacement du moyen d'achemine- 



m nt ; 

des moyens (6) pour focalis r optiquement I'ima- 
ge de cfite des journaux sur ladite barrett d'ele- 
m nts photosensibi s Iin6aires a transfert de 
charge (8) ; 

des moyens (32) pourdecaler en serie continuel- 
lement des sorties (30) de ladite barrette photo- 
sensibles lineaires a transfert de charge (8) a une 
cadence definie par une horloge, systeme carac- 
terise par : 

des moyens de traitement de signal (44) pour re- 
cevoir les sorties decalees en serie mentionnees 
(30) de ladite barrette d'elements photosensibles 
lineaires a transfert de charge (8) apres que tou- 
tes les sorties aient ete decalees de ladite barret- 
te d'elements photosensibles lineaires a transfert 
de charge (8), 

des moyens de traitement de signal (44) compre- 
nant des moyens (254) pour developper des va- 
leurs numeriques sequentielles n§p£titives defn 
nies par horloge definitives du profil superieur 
des journaux mentionnes Iorsque les journaux 
mentionnes (2) sont achemines le long de ladite 
barrette d'elements photosensibles lineaires a 
transfert de charge (8), 

des moyens (300) pour comparer chacune des 
valeurs numeriques mentionnees a la prochaine 
valeur pr6c6dente des valeurs numeriques men- 
tionnees pour obtenir une valeur d6riv6e du profil 
des journaux mentionnes (2), 
des moyens (370) pour initier une progression de 
sortie de compte de journaux Iorsque ladite va- 
leur derivee change de positive a negative, 
des moyens (382) pour developper une valeur 
definie d'epaisseur de journaux a partir d'une 
comparaison entre le profil superieur de journaux 
anterieur et la valeur de profil superieur de jour- 
naux existant et une valeur de difference calcu- 
lee d'echantillon a echantillon qui change de po- 
sitif a negatif du journal existant, ladite sortie de 
compte de journaux comprenant une progression 
de compte simple Iorsque ladite valeur definitive 
de repaisseur de journaux depasse une valeur 
d'epaisseur etalonnee et ladite sortie de compte 
de journaux comprenant une progression de dou- 
ble compte Iorsque ladite valeur d'epaisseur de 
journaux depasse une seconde valeur d'epais- 
seur etalonnee. 

4. Systeme selon la revendication 3, dans lequel les 
moyens mentionnes (6) pour focaliser optique- 
ment I'image de cdte des journaux mentionnes 
(2) sur ladite barrette d'elements photosensibles 
lineaires a transf rt de charge (8) comprend une 
source de lumiere (10), un organe de protection 
d la lumiere (14) ayant une fente de passage al- 
longee (4) qui y est formee, ladite f nte (4) etant 
oil ntee en s ns transversal de la surface du 
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m yen d'acheminem nt des journaux mention- 
ne, un systeme de lentilles (6) orients le long de 
(aligned vision (12) ent re ladit fente (4) et la- 
dit barr tte d'Slements photosensibles lineaires 
a transfert de charg (8), (edit systeme de lentil- 5 
les (6) fbcalisant I'image def inie par la fente des 
bords lateraux des journaux mentionnes (2) sur 
ladite barrette d'eiements photosensibles lineai- 
res a transfert de charge (8), ladite source de lu- 
miere (10) etant orientee angulairement par rap- 10 
port a la ligne de vision (12) entre ladite barrette 
d'eiements photosensibles lineaires a transfert 
de charge (8) et le bord lateral des journaux men- 
tionnes (2), la lumiere au-dela d'une profondeur 
de champ pred6terminee d6f inie par le systeme 15 
de lentilles (6) mentionne etant bien au-dessous 
du niveau de detection a seuil ajustable et les 
bords lateraux des journaux qui sontfocalises sur 
ladite barrette d'eiements photosensibles lineai- 
res a transfert de charge (8) 6tant illumines. 20 

5. Proced6 d'obtention d'un compte de journaux qui 
se chevauchent (2) portes sur un moyen d'ache- 
minement mobile par analyse de ('image des 
bords lateraux des journaux mentionnes (2) lors- 25 
que ('image focalisee est incidente sur une 
barrette d'eiements photosensibles lineaires a 
transfert de charge (8) orientee dans le sens 
transversal par rapport aux bords lateraux men- 
tionnes des journaux (2) et dans le sens transver- 30 
sal de I'axe de defacement du moyen d'achemi- 
nement, comprenant les Stapes sequentielles re- 
petitives : 

de decaler seriellement les sorties analogiques 
(16) de la barrette d'eiements photosensibles li- 35 
neaires a transfert de charge (8) et une sortie de 
niveau de luminere de reference (20) vers un am- 
plif icateur differentiel (22) pour en enlever le de- 
calage de courant continu, amplifier et f iltrer le 
bruit haute frequence qui en vient ; 40 
de convertir (28) le signal de sortie analogique de 
I'amplif icateur differentiel mentionne (22) en un 
signal de sortie numerique s6rie (30) tel qu'ii est 
def ini par un niveau de lumiere selectionne ; 
d'appliquer ladite sortie num6rique s6rie (30) a un 45 
registre a decalage entree sen'e/sortie parallele 
(32); 

de mettre en memoire la sortie parallele du regis- 
tre a decalage mentionne (32) dans une memoire 
vive (36), procede caracterise par : 50 
le transfert de donnees dans ladite memoire vive 
(36) a un microprocesseur (44) pour developper 
(254) une valeur definitive du prof il superieur de 
I'image de journal tel qu'elle apparaTt sur la 
barrette d'6lements photos nsibles linSaires a 55 
transfert de charge (8) apres qu toutes I s sor- 
ti s analogiques aient et6 decalees d ladite 
barrette d'elem nts photosensibles lineaires a 



transfert d charge (8) ; 

I'obtention de la difference (300) entr des va- 
lours definitives de profil superieur d'image de 
journal successives pour obt niruneval ur defi- 
nitive du taux de changem nt des valeurs defini- 
tives de profil superieur mentionnees ; 
la determination (370) de I'epaisseur des jour- 
naux lorsque le taux de changement de la valeur 
definitive de profil superieur change de positif a 
negatif ; 

le lancement (382) d'une progression de compte 
simple lorsque le taux de changement de 
comptes successifs del initifs successifs de profil 
superieur passe de positif a negatif et I'epaisseur 
mesuree des journaux depasse une premiere va- 
leur d'epaisseur etalon nee et 
le lancement (382) d'une progression de compte 
double lorsque le taux de changement de va- 
leurs definitives de profil superieur successives 
change de positif a negatif et I'epaisseur mesu- 
ree des journaux depasse une seconde valeur 
d'epaisseur gtalonnee. 
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